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tin Trljonis
Santa Fe Research [orporatlon, Santa Fe, New Mexico

Abstract - A study was conducted of the statlstlc~l
nlatlonship% bet-en median visibility and the levels of
vlslblllty associated with wrst-case marinade Impacts. The
data base for the study consisted of midday visibility Re-
cordings for the years 1974-1976 at 28 stiurban/nonurban
airports throughout the United States. The visibility re-
cordings wre converted to ●stimates of ●xtinction coef-
ficients with the use of the Kosctilder fo-la. The data
-re sorted ~ccording to meteorology In order to ●liminate
days that wre obvl~sly dominated by natural causes of
poor vlslbl?!ty. Three Vproaches uere used for relatlng
uorst-case (%lth throuah 99th percentile) ●KtltKtlOn to
median eatiwtion. The first approach was based upon fr~-
quency dtstrlbuticm functions. The second used observed
ratios of Jpper percentile to -dIan extinction. The third
~loyed regressim technlaues. All of the nlatlonships
~re fonsulated and evaluated with the 1974-1976 data on a
national/annual basis as w1l as reg!onalfqu~rterly basis.
Performance tests ~re also run against 1954.1956 data al
11 of the 28 sites. Simple ratio relationships am recan-

mended for usc in trtaslating wdian visibility i~acts
into worst-case Ilmacts. The errors associated with these
ratio mdels are approximately 30Z, tiich is less than thr
●rror tnically associated
mdels.

1. INTROOIKTICM

10% Al-s Scientific Laboratory (LASL! has

deuelopd and testd ● ~tho~logy fcw ●stlmatlng

regional-scale vlslbillty (light ●xtinction and

visual ran=) fran regional-scale aerosol concen-

trations, Wlttive humidities, and alr pollulhnl

●missions. (Nochmson, Uecksung, and Gurule,

1979a and 1979b). This ~thodology has been usrd

fw evaluating tfw vlslbillty immcts of future

energy scenarios; if vield$ predictions for in-

dices of md!an [50th percentile) vlslbfllty.

There is a rwed to develop relationshiin for

translating thew medlm rstimtes tnto short-

t@rm predictions for mrstcas~ dhys (r,g.. ~th

cw 99th Uercentllfs of manma~ Imactt). nib

wtth mathematical Olsperslon

paper pres?nts ‘?lat ionships uhtch -re devplnvrd

through th analysis of statistical distribution<

of airport visibility data.

In th~ drv~lo~nt of the relationships be-

twwn sd!an and mrst-casr (uppPr perc~ntilr

visibility), the follwinq four step% nf anal,v%is

wrr follmwrt.

(1) Sclertion of vlsihillty tisrrvatlm

s~tm, years of nhswvatlims. d *.lme of day nf

obs~rvatlons.

(7) Srre@ninq of data ●ccording to ~tenr-

ology. atteqtlng to mve days heavily lnflu@n-

c~d by natural phmcmrna (e.g., fog, pr@cin~ta-

t~on, bloulrq Ast, or Im clouds).



(3) Using 1974-1976 data, davelo~nt of

relationships f= translatiq worst-case (90th or

99th percentile) ●ati-tlon to mdian ●xtltKtlon.

Three approaches wv followed to develop the

relationships. tie uos btsed upon frequsncy dis -

trltwtlm fuwtions. A SeCOd WaS hazed wOn

observed r-t ios of upper percentile to ~dl an

●AtllKtion. A third ~loyed regression tech-

niques.

(4) Evn lunt Ion of the perfonnmce of the

nletionshlps regionally as wll as nationally,

and quarterly as -11 as mnually. Testing of

mofkls fm S- sites with the use of 1954-1956

data .

Steps {1) md (2) are discussed in Section

3.0 of this papcrm steps (3) end (4) are

discussed In section 4.0 of thh paper. Bnslc

concepts ad ~finitlons fundamental to this

analysis are discuwd in *t Ion 2.

2. BASIC CONCEPTS N OEFINITl~S

visibility refers to the clarity of the

atmosphere and can be &fined quantitatively in

terms of discoloration (wavelength shifts in light

producd by the atmosphem), contrast (tlm relR-

tiwe brightn~ss of visible objects), mdhr visual

range (the farthest dlstmc~ that nm ucmld be

able tr distinguish a larg? black obj~ct against

thr hnrlzm sky). Buusr this study is bns?d m

airport Wtither station nmsur~wnts

range, m &fine v!siblllty IS visual

use the two Wrms hltrrchangeably. It

notd that tlw concept of v!suml ran~

of Vtsual

rmw met

should b~

makes ttw

mst sense in situations of :arg?-scalp honm~-

nas ha~e, ~tch h th? type of vlslbtltty

@m~n@n sdrir?ssed In th!s paper.

Visibility through the

strlcted by the absorption ad

by both gases -Id particles.

atmsphere is re-

scattering of light

The sum of absorp-

tim ati scattering is call~ total ●xtiwtion

tiich is ncasured by the ●xtinction coefficient

B.■ u
The ●xtinction c~fflcient represents the

fraction of light that is attenuated per unit

distance as a light beam traverses the Wmsphere.

In a Immgeneous atmosphere, visibility is in-

versely proportional to ●xtinction. For a stan-

dard observer (one able to perceive a 2% con-

trast), the Koschmcider formula expressing this

relationship is:

B ¤2~m3/\ (1)

where the units of “visibility or visual range. V

are miles, and the units of B are ~o-4

meters-l, the standard units for ●xtirution.

The analyses in this study were actually

conducted with extinction data derived from the

visibility data according to Equation (l). When

●aamlning uorst-cmr impacts, th~rc is m advan-—..- --- ,— .

tag? in using ●xtinrtien rathw t.hm visual ranqp.

It i~ known that, with other factors held con-

stant, each c~onent of ●~tinctlm (scattering

by gasrs, absorption hy gases, scattering by par-

ticles, and absorption by particles) is dirrrtly

proportional to th~ cnncmtratlon nf qasr~ or

pert lrl~~. Thu\, w WOL1(I~~p~ri tlw statiitiral

distribution of ●Itimtlon to rcsenhlp th~ wll-

stufilet stat lstlral distribution of pnllutml

concmtratlons.

A$ remirk~d ●arllrro th~ data bas~ for this

study cons!stut of airport wfithw station

wamrmts of Visual rmgem An t~ortmt

msput of d!rport v!sibillty wcsu~nts 1%



their discrete nature; visual range Is generally

reported with respect to a discrete set of visi-

bility markers (e.g., nmntains, buildlngs, or

tonrs ). Trijonis ad Yuan (1978) and Trijonls

(1979) have emphasized that, because of the nature

of reporting practices, airport data should only

by plotted as cu~lative frequency In a certain

order (starting with the farthest visibility

marker). This and other problms introduced by

the discrete na~ure of the data are discussed

further in this paper.

3. DESCRIPTIONOF THE DATA BASE

This section discusses th~ selection of

airport sites, observntlon timls, and meteorolo-

gical screening procedures. A bripf description

of t~ spatial am! tqoral patterns in median

visibility is also presented.

3.1 Selection of Sites and DbsfhrvationTimrs

Visibility observations for th~ yrars 1974-

1976 at 2B airpcrt eather stetions served OS the

data base for the study. The criteria for selec-

tion of the ?8 stations were: (1) *I ! the sites

Wre 5Aurban/nonurban rather than urban, (?)

that the mdian visual ran~ wns le$s than, or

about the sanm as, the distance to the farthesl

vlslb~lity marker, (3) that no major $Ite relo-

cation% or changes in r@pnrtlnq pract~ .?s occurr~d

in 1974-1976, and (4) that the stetirms upw

-11 spr?ad throughout th~ con?lnent~l I.hiterl

States. The 7fl %turty locations a~ riisplJyrrt In

Figure 1 ●nd listed h lchle 1. AS shown !n Fly-

ure 1. th sit~l *W gro~wl ●ccordi~ to four

major regions: Pac!fic, Mounta!n, CWAr#l, and

Eastern.

Visllal range was measured In miles with

respect to a system of fixed markers. As an

ex~le, for a station with farthest markers at

50 nnl ‘5 miles, a recording of 50 miles inpl’es

only -hat visunl range is somewhere between 50

and 75 miles. decause of the nature of visibility

reporting practices at airports, It is important

that the visibility frequency distribution be

plotted In the proper way with respect to the

marker systt)m(Trijnnis and Shapland 1979; Trtjon-

is 1979; Trijonis &nd Yuan 1918), In this study,

the m:rkcr system listed in Table 1 was used for

~il risibilities above 3 miles. The few non-

stflnr!ardreadings that were sometimes recorded al

thp airports uere reassigned according to this

marker system (e.g., referring to the previous

●x~le, an occIsiorIalreco~ding of 55 miles wa:

reassigned to the 50-mile marker).

The visibility observations and other

weathw parameters uere ●xtracter!fran National

Climatic Center TDf-14 date tapes. These tapes

contain recordings for ●vrry third hour, Gre~nw!ch

Mean Tim@. Only the sinqle n~ar~st-!lonnsh<rrva.

tion (13:W Eastern rnd Pacific Time, noo,l Central

Time, ar,d 11:00 Muntsln T{mr.)was used in the

study, HF dtd not USP ~il four da,vllqhthnur%

$eparatelv because dlirnal vislbilit,yfluctuation

would th~n h~ mlxd with dav-tn-dov v~sil~ll!tv

fluctuations (our rr.+1 int~rrst)m Also, hrcauw,

of tlw np~ to sunmarir~ tk vi%lbllity frruuonrv

dlstritwtlons according to a rtiscr~t~ s?t of

markers, it was nnt approprlat~ LO avrraqr t)w

four daylight observal~on;.

Datn for 1954-1956 at 11 of thr slt~s ~r~!

u%efi tn ch?ck th~ wlatlonships formulat~d with

th~ 1974-197h dnta. lnes~ 11 sites npre chosw
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1. Map of the 28 study locations including the median (weather-sorted)vislbiltties for 1974-1976,

TABLE 1. LCKATIONS, TIME PERIOOS, AND VISIBILllT MARKERS FWi THE STUDY S1’ES.

76- lb,..?~, 7*.7b
lb-lb
16- 7b
lb-lb
1.-7”
?6-18

II

I

Mcterwological Scr@mlng

Vislbll!ty reductton involves both natural

rmre no 37mccording to the crlter!rm that there

major ~elocaticns or reporting changes from 1954

to 1976. contributions (e.g. Raylelgh scatter by alr

nlecules, or ntitural ~~rosols such as wat?r

dropl~ts or dust) and anthropogen!c contrfhut!ons



(e.g. mnnmade aerosols). It Is the pu~ose of

this report to consider worst-case mammde

vlslblllty Impacts. Although It Is Impossible to

entirely segregate manmade l~acts from natural

impacts, the data mre sorted by meteorological

parm!eters In an attempt to ●liminate days when

natural factors danlnated.

Any day with a midday recording of fog,

precipitation, blming tist, or blmlng snow was

eliminated from the data base. Also, a study was

conducted of the relationship between vlslbllity

and various weather parameters ill order to

identify other situations that might be dominated

by natural processes. Based on this study, we

decided to also elimlnate days *en wif,. speed

exceeded 25 knots (worst-case visibility on such

d~”s wuld awe llkely be due to dust than to

manmad? sources), w when ceiling height was less

than 1500 feet (clwds might be obscuring

visibility markers on such days).

3.3 Spatial and Tenporal Pntterns

Before proceeding with the statistical

annlysis ●ffort, It Is useful to g~ve the reader

a fwl for tlw data by ●xamining tlw spatial and

te~oral patterns of median vls’;btlity. M?dian

v!sib~lit!es for the weathsr-sortad data are com-

puted using l~lterpolation(or extrapolation) pro-

cedure hiisd on the ●xponential distribution.

Flqurc 1 illustrates the geographical pat-

trrn of mm;lan vtslb!lities fur the w?athrr-sorted

data at thr ?8 study lwations. The spatial pat-

tern’i am similar to those fourd by Trl~on!s and

Stsaplnnd (1979) using data not sorted for meteor-

ology frm 101 locat~onsm The major slmllar!tles

are tlint vlslb!lity 1s bent ~n the Rocky %Untsln

Snuthwest and worst easl of the Piss!ss!pp! River.

Table 2 co~ares m?dian vlslbllitles for

the weather-sorted data to median risibilities

for all data, As expected. the wather-sorted

medians are higher than the medians for all the

data, ~nerally about 5 to 15% higher in the

Pacific Region. 5 to 10Z higher in the ~untain

Region (the only major ●xception being in

Farmlngton. NM, where the mather-sorted median

may be artificially high due to the ●xtrapolation

procedure), 5 to 205 higher In the Central

Reg i on, and 10 to 25% higher in the Eastern

Region. TIWse figures suggest that weather-

related reductions In visibility tend to be least

in the Muntaln qegion; this is not unexpected,

considering the arid climate of that region.

The seesontil patterns in median ueather-

sorted \ ii,?ilitieswere also Investigdt.ed. In

agreement w!th previous findings by lrijonis and

YuJn (197Q) and Husar et al. (1979), the s~asonal

patterns In the Central and Eastern Regions di<-

played a sunsner(third qunrter) minimum in visi-

bility. [n agreement with the f{ndinq~ of

Roberts et al. (1975), most of the Fbuntain Ae!lion

sites ●xhibited minimal risibilities during thr

spring and sumner. %st of the Pacific Region

sites show~d a springtime maximum in visibility

with low~s?.visihilities in fall and winter.

For the 11 sites where 1954-1956 data a-,

well as 1974.1976 data mere stud~eri,thr visi-

bility chances from 1954-1956 to lq74-197ti wrrr

{nvectigatPd. The sites In the Pac!fic R~qion

showed mixed trends from 1954-1956 to 1974-1976,

although substantial decreases in r~ported viJi-

bilitles occurr@d at Fr@sng and Salem. Th~ tw

IWntain R?gion sites showed slight dwrrasr~

from 1954-1956 to 1974-1976; this is consistent



TABLE 2. ~PARIW OF MEDIM VISIBILITIES FOR UEhTHER-SCRTED DATA MD AIL DATA.

Vi’qf;,y;;:p‘aLa
Median ttirl-day Pr:rcen L Gange

Loca L Lon
Vialbillty for Ucechcr- , (Ucacher Ad umtod

Sorted Data An 1974-1976 !bato tlinun A 1 Deta)
(Tri~t*niu ~IUI Sllaplal~d,1979)

Paclflr
~ci,ni;
lkd[ord
I%ndiccon
llrd Dluff
Salem
Vrrmu

h run
Jeckbon
Porl Arthur
Scull St thr]c

l!n~nokk,
Ilorcl,,:hll, r

Youu~..:(lwn

6U
Sm

II

H

H
III
10

with enrlier findings (Trijonis 1979; Marlans and

Trljonis 1979; latimer et al. 1978) thut vlslbil-

Ity decreased in the Rocky Mountain Hest frcm the

mld-1950s to the ●arly 19:0s snd then Improved

somewhat fram the early 1970s to thr?mlddlr?1970s.

Four of the five sites in the Crntral and Eastern

Regions exhibited decreasing trmls in agr~ernent

with th? Increasing trend in haziness reporteo by

Trijonls and Yuan (1978), aud Husar et al. (1979).

4, STATISTIC.1 MFTHODS

Thr~ approaches ~r~ f~llowwt to drvelop

relatlonshtps brtwern nm?dlan and upper (90th to

99th) perc@nt11e vlsibll~ty. Tk first approach

was to fit the rhta to several candfdat~

Frquency tistrlbut!on functions. The second

approach, tlw simplest on?, WAS based on actual

14 railcfi
29

:!
25
59

+81
+16%
●7Z
+8Z
+9;
Oz

+52
+52

+12Z
+59Z

+2Z
+:H:

L.Lz

+9Z
+ 292
+22Z

+6Z
+19Z
::::

ratios between uppr=rpercentile and nmdian extirlc-

tirm. The third approach employed regression

equations to relate upper p~rcentile to meditin

visibility. For each approach, relationships

wre develop~d on an annual as w1l as quartrrly

basis. For th~ latter two approaches, relation-

ships were developed on a national as WQ1l ss n

regional basis. The development of tht thr~r

approaches and an assessment of their performance

is disrussertin the followinq suhsect~ons.

4.1 FrcquprtcyDistrlbutirrnFunctions

Knowledq~ of thp underly~ng mathematical

rf~strlbutions that approximate cxtlnctlon data IS

very useful In formulating statistical modrls.

lh~ purpos~ of this s@ctton Is to briefly ●xplorr

if thrre is a distrlbut!on function that charar-

terIzes ●xtln-rtlon d~ta. lh~rr nrp swval



characteristics of the extirKticm data that mst

be taken into account. The data an derived from

airport visibility data With are given for dls-

tinct markers rather than for continuous readings.

Thus, one ●xtinction value really represents an

interval of extimtfon values. This property is

called grouping. Ue use the Chl-square goodness-

of-flt test to take advantage of the grouping of

the data because it requires the data first be

broken Into discrete cells (B-iman, 1973). The

second characteristic of extinction data IS that

an extinction cwfflclent of zero, filch corre-

sponds to infinite visibility, does not occur

becuse of the lower limit on extinction Imposed

Ay Raylelgh scattering; and possibly because of

the contributim bj background aerosols. This

Indicates that the possiblt distributions must

either take Into account the shift away frc+nzero,

or the extinction data must be shifted back to

zero by some a~ropriate trmsfonnation,

The cumulative frequency distribution of

the extinction data at each site was plotted on

exponential distribution paper on an annual as

wll as 8 quarterly basfs. Figure 2 is a plot oi

the annual frequency distribution for Dubuque.

The data

stra Ight

SOth to

bends In

Straight

in most of these plots tend to follc#ia

line over the urea of tnterpst (from the

the 99th percentiles) with substantial

some tails be,yondthe 99th perc~ntlle.

llnes on e~onectlal paper indlcat~ that

th@ data might fit an ●xponential distr~butlon

hut It fs wise to perform goodness-of-fit tests

to werlfy the grsphical evidence.

tial

data

The Ue!imll, lognornml, garmnaand enporms-

dlstribut!on~ wer~ ?itted to th~ erntlnction

bec~%e they are c-mwnly us~d ‘single

tailed” distributions. The density functions of

the various distributions and the estimators of

their parameters are -11 known and are available

from a number of standard statistical texts. The

two-parameter shifted exponential dis ribution

was used. The second parameter Is a location

parameter that accounts for the shift of the

extinction data away from zero. Because the

extinction data are already broken into distinct

groups and becm.ise the Ch!-square test requires

that the data be broken Into distinct cells, Me

used the Chi-square ~ondness-of-fit test to

evaluate the fit of various distributions.

The Chi-square goodrless-of-fitstatistic is

the sum over all cells of

(2’)

where O(i) is the observed number in cell i and

E(1) 1S the expected number for cell i. In order

to obtain a good Chi-square approximation E(i)

nust be gruater than or ●qual to 5. If this does

not occur, then cells will have to he combined

(Breiman, 1973). The degrees of freedom associ-

ated with the Chi-square statistic is the number

Of cells minus one minus th~ nuti~r of parameters

estimated for th~ distribution being tested.

The goodness-of-fit for the fob:

paranwtt=rdistr~butions was first tested on

two-

tho

annual data usinq a 95X significance level as thr

rejection criterion, The tests were conducted

ov~r th~ subset of each data set that included

the 50th through 99th percentiles. The gmna,

lognormal, and the Wibull were rej~ted for all

39 sit?-years and the @exponential distribution

was rejected for all but 5 of the data sets (ser

Tal)le3). Slnr.rth~ exprmntial distribution dld
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Exponential plot of extinction at Dubuque for 1974-1976.
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batter than the other distributions, the exponen-

tial distribution was used to fit quarterly as

*11 as annual data sets. The exponential distri-

Iwticn fit better on a quarterly basis than on the

annual basis. Over the four quarters, 11 were not

rej=ted for t~ first quarter, 14 were not rejec-

ted for the second, 16 @re not rejected for the

third, and 8 were not rejected for the fourth.

The Rocky kuntain Region did the mwst in the

first, second, and third quarters. The Central

Region did the worst in the fourth quarter. The

1974-76 period had six fewer rejections than the

1954-56 period for the comparable sites.

Becmse the mathematical distribution func-

tions did not fcre wll in the goodness-of-fit

te-ts, w d-idd not to propose statistical

relationships based solely on a distribution func-

ti(m. He did rb sane testing of such relation-

ships and found that they did not perform as well

as the other two approaches. The exponential

distributl)n did, however, prove useful in one

respect.: w used it to interpolate betwen the

discrete data points so as to form continuous

cumulative frequency di~trlbutions.

4.2 Estimating the Median and Other Percentiles

The median ad specified upper percentile

extinction values ~re used in the estimation and

assessment of the ratio and regression relation,.

ships. They ~re estimated primarily by interpo-

latlcm fr-n the ●xl”,nction data tiich were

Contimous randcm variables recorded at discrete

points. The classical statistical method of

computing the ~dian Is to rank the d~ln and

choose the middle value as the median. This is

not a reasonable way of estimating the mdian

●xtinction coefficient because of the discrete

nature in rhich airport visibility data are

reported. We have chosen to estimate the 50th

percentile by interpolation over the Interval into

wnich the median would fall. We call this ●sti-

mate the median, The other percentiles also were

obtained by means of interpolation.

The interpolation procedure chosen was a

logarithmic interpolation procedure which can be

derived from the exponential distribution. For

the desfred value, X, associated with the percen-

tile 1OOP(X), the formul~ is

X=(C-B)(ln(l-P(X))-ln(l-P(B))

/(ln(l-P(C))-ln(l-P(t)))+B

where O<P(B)<P(X)<P(C)<l and B and C a--

of the interval containing X.

(3)

e endpoints

For a f- sites, the 50th percentile had to

be extrapolated from the data because the lowest

extinction coefficient accounted for more than

50% of the data. The median X(.5) was derived

for such cases by the following equation:

X(.5)=(Cm)(ln(.5))/(ln(l-P(C)))* (4)

where a is the location parameter estimated for

the two-parameter shifted exponential distribution

function.

4.3 The Ratio Meth~d

Average r~tios cf the upper percentiles to

the median are estimatt?dfor each region and the

nation (see Table 4). Extinction data from the

1974-76 time pe>iod were used t~ ca;culate the

averages, and the data from the 1954-56 time

pericd were used to assess the perform~nce of tht

ratio nasthod (see Subsection 4.5). The ratios

measure, in some smse, the “episodicity” of

extinction (i.e., the magnitude of mrst-case



TABLE 4. AVERAGE RATIOS OF TNE

tariod Percentile

Aamual

Pirnt Quarcar

Second Qurcer

Third Quarter

Fourth Quarter
91
92
93
96
95
96
97
98
99

MEDIAN TO SELECTEO

National hcfiic

i

A:

.63
2.77
2.95

!

.15

.61

.79
4.39
5./.3

2.51
2.62
2.73
2.B6
3.02
3.22
:.$:

4:51
5.57

2.27
2.36
2.65
2.56
2.69
2.85
3.ofi
3.28
3.67
6.42

2.10
2.26
2.35
2.46
2.59
2.75
2.94
3.16
3.k7
k.ok

2.54
2.64
2.76
2.89
3.05
3.23
3.h7
3.B8
k.b!l
5.Ab

cmdltlons cwared to median conditions).

ratios vary widely from site to site with

The

the

highest ratios tending to occur in the Eastern

Region and lowest In the Centrsl Region. The

Rocky Mullntainand Pacific Regions tend to have

their hlghes: ratios duri,lgthe first and fourth

quarters, Wile the Eastern and Central Regions

have their highest ratios during the s?cond and

third quarters. Gf the

periods of data, all but

and Medford show neariy

over both time perfods.

11 sites with tm time

Roanokt?,Salan, Fresno,

the saw annual ratios

2.50

?:i:
3.01

I

.26

.56

.94
:.;:

6:50

2.70
2.80
2.92
3.05
3.25
3.50
3.B2
:.:;

6:3&

2.02
2.07
2.12
;.;;

2:35
2.+8
:.02
2.B1
3.lL

2.05
2.13
2.21
2.31z.~~
;.;;

2;87
::::

;.;;

3:45
3.60
3.92
&.18
4.51
4.97
5.50
6.45

PERCENTILES OF THE EXTINCTION COEFFICIENT.

bcky
*umcaln timtrml b-cm-o

4.4

mate

2:2;

p .C’
.65

2.82

!3

.03

.3

4:4:
S.B8

3.01
3.15
3.30
;.;:

4:03
4.4L
5.12
6.17
7.74

2.15
2.25
2.3iI
2.50
2.65
2,t3il
3.09
;.;:

5;24

1.s1
,1.BQ

1.97
2.o5
2.16
2.30
2.&6
2.6b
3.01
3.67

:.::

2:9fJ
3.14
3.35
3.JU
3.97
4.77
5.91
7.66

1.99
2.06
2.13
2.21
2.30
2.60
2.51
2.66
2.07
3.57

2.17
2.2L
2.33
2.42
2.54
2.67
i.g~
3.OG
3.27
3.80

2.0;
;.;;

2:33
~ 43
2.56
2.i2
2.90
3.13
3.50

1.8$

A.95
;.::

2:]4
2.::
2.3G
2.ill
2.5n
2.8;

2.~5
2.s5

i:!:
3.40

j:::
4.16
~. .9:

.

2.32
2.41
Z.5U
;.+!

2:8d
;.];

3:R0
4.45

2.76
2.85
2.93
3.0s
3.25
3.44
3.65
3.9(I
k.b7
5.21

2.81
2.91
3.03
3.17
;.:;

3:89
A.23
4.6;
5.51

2.k7
2.5b
2.66
2.7b
2.68
3.01
3.lB
3.UU
3.7L
~.~lj

Regression analysis was pe,”formedto e

the relationship between the mdian and

The Regression Approach

ti -

the

ons

re-

upper percentile extinction. Regression equat

uere estimated on a national as well as on a

gional b~sls. Oata from the 1974-76 the period

-re used in the ●stimation ~f the regression

model parameters, and data from the 1954-56 time

Period wre used to assess the performance of the

regression model.

The gen$?:almodel to be examined

X=aX(.5)b(-ln(l-p))c

was

(5)



where X Is t:? extinction associated with a per-

centile, P, X(.5) Is the median extinction, and

a, b, and c are nmdel parameters to be esti-

mated. The percentiles, P, were transformed In

order to simulate the increase in the magnitude

of the ●xtinction, X. as the associated pcrcen-

tlle, P, Imreases. The particular transforrriation

used is reflective of the exponential distr~bu-

tion. ThuS, if the associated percentile IS P,

then the transformed percentile is -ln(l-P).

In order to fit this nmdel. natural loga-

rithms of the dependent and independent variables

mre taken and a least-squares linear regression

was performed on the regression parameters in

order to @ equations In the form of equation

5. The dependent variable, X, was limitd to the

observed values that lcY between the 90th and

99th percentiles or to those observations that

Wre used In the Interpolation of fhe 90th or

99th percentiles. The national/r ,ional, annual/

quarterly equations are given In Table 5 tlong

with the percent variation explained (PVE) by the

regression and the nunber of percentiles (cases)

used In the estimation of the regression.

For the annual data the fits of the regres-

sion equations could be considered good with re-

spect Lo the PVE for all regions and nationwide.

The regr~ssion equations fit poorly with respect

to PVE for the first quarter data. For the Cen-

tral Region In the second quarter and the Ehstern

Region In the fourth quarter, the regression

equations fit well with respect to PVE. The

regression ●quation for the third quarter

national data also fits w1l with respect to

WE. The other regression fits did not perform

as well.

4.5 P~rformance Assessment for the Ratio end

Regression Relationships

The purpose of this sib ection is to assess

the performance of the average ratio and regres-

sion relationships for predicting extfccticn val-

ues between the 90th and 99th percentiles. The

assessment Is conducted with the 1974-76 data

used to estimate the relationships and the inde-

pendent 1954-1956 data set used tu test them.

Because of the small nutier of observations

that fall in the 90th to 99th percentile interval,

ir.terpolatedextinction values were derived for

each O.lth percentile increment, starting at the

90th percentile and ‘oing to the 99th percentile.

This procedure gives 91 points for each site-year

to use in testing the average ratio and regression

relationships.

Three mea~ures of error are used to evaluate

the results. One measu-e of error is the average

absolute percent error (MPE) which is given hy

the follawing formula:

A4PE ■

(
p 1065i-PREDi~/OBSi

)
100/n (6)

i=l

where OBSi is the observed value and PREDi is

the predicted value. A second measure of err~r

is the average error of the estimate (AEE), which

Is given by thr following formuld.

AEE ■ ,~1 (OBSi-PREOi)/n

A third measure of

ticm error (5EE) wt

formula.

(

n
SEE ■ F

iml

(7)

error is the standard estima-

Ich is given by the following

).50BSi-PRED1)2/n (B)



TkBLE 5. EQUATIONS BASED ~ THE ICSULTS OF REGr 7SIONS ~NE CN 1974-76 EXTINCTION OATA.

Region
Bacioual

?actiic

Rocky Huuntaln

bncral

Eantcm

marlorul

PQcific

lncky Fbuntain

tintral

xaac~rn

National

?acuic

bck~ F&uatmin

Central

Eascam

Saciond

Pacific

Eocky Fbunt*in

Central

Lamzmrn

Matioa?l

?mcific

Mock} !:.vnl-.\.

Cancral

Xmstam

PVE

K

78.4

74.9

87.7

*0.3

40.s

&7.2

5.~

&k.2

46.1

05.5

53.3

19.4

01.0

17.7

734

bh.6

]7.2

40.6

19.5

58.9

59.0

27.6

63.6

SJ.4

CASES
lZLJ

29

33

20

so

106

27

29

25

25

105

10

32

26
2&

IIG

20

31

27

32

%+
-X(P)-O.941X(.5)0.B75(-lU( 1+))!.074

x(P)-o.906x(-5;Q.967(-ln(l-P) )1.15b

X(P)-0.517X( .5)0.603(-lB(l-P) )1.225

X(F)=l.1d2X(.5)o.49B(-1.n(l-P) )o.@2~

x(P)-1.37w.s)o.3oA(-b(l-p) )L9e$

First Qunrtcr

XU)-2.331X(.5)o.580(-In(I-P) )0.245

X(P)-2.739X(.5)0.811(-ln(l-P) )0.282

X(P)-2.33SX(.3)0.26L(-ln(I-P ))-.19I3

X(P)-1.695X(.5)0.21Z(-Lm(l-P) )0.512

I(P)=l.79ZX(.5)’2.376(-lm(l-P) )0.51CI

8mcnnd @arcer

X(P)-l. 771X(.5)0.t360(-lm(l-P ))0.~58

X(P)=l.320X(.5)0.5~1(-ln(l-p) )0.353

X(P)-l. 108X( .5)0.~Ba(-ln(l-P) )0.443

X(P)-l. 336X( .$)0.307(-ln(] -P))O.79C

X(P)-3.0E5X(.3)0.166(-ln(l-p ))0 10

Third Quarcar

X(P)-2.097X(.5)1.o~6(-Ln(l-P ))0.299

X(P)-1.62ZX(.5)o.597(-in(l-P) )0.321

X(P)_2.399X( .3)1.07~(-ln( 1..P))O.O52

x(P)-2.0zbx( .5)~.636(-lu( I-P))O.379

X(P)-3.712X( .5)0.275(-ln( l-p) )LJ.JA?

Fnurch Quartar

x(p)-1.670X( .5)o.690(-ln(i-F ))o”556

x(p)-2.e99x( .~)Q.b53(-in(l -P))Q”3~4

X(P)-l. F*16X(.3)o.bo~(- ln(l-P))~-~03

X(P)-1.601X( .5)0.~~1(-ln( l-P)~O.A~c

X(P)-1.299X( r5)o.&oz(-ln( 1-? )o.uo~

For *he national/annual mlationshlps, thr than did the national r~lationships. lnr reglm?l

nw~sures of error are sumnarired in Table 6, In ratio and the national rpqression rrlatirmship:,

general, tlw?relatianshlps perfmned w1l In twins tundcd to pfvform better than th? ~thrr two

of their ●stimation and prediction wrors. Thr relationships on thp t?st data s~ts (l!154-19S6\.

average absolute

ranged betrrn 20

with air quality

percent error predomirmntly lhe reginnnl reqn,s. lnn relationship tend,.d to

to 401, filch co~ares well perform best on th~ fit data sets (1974-lQ7fi).

models that frequently giur The WJlonal rrgresslnn relationship tmdmt to

faCtOr-of-tWo agree~nt w~th obs~rtationm Thwe flt the data brst in the Pacific and Central

-m differences in performance bptwm the four Ibegto?lsm The national regressttm relattnnsh!p

tncs of relationships tested. Overall, the tended to fit the data b?st in th? Last@rn

regional wlttlonsh!ps tendd to prrform better Reqion. All relntionshlps ~xc~pt thr nat~on~l



TABLE 6. SLPWRY ~ THE MuAL RELATIONSHIPS.

{::;:

I
4-56
4-76

4
6- 6
4-.6
4-)6
4-56
4-76
4-76

S+xw
Cwarw=ille It;:
Ewawvillo 74-76
Fort such 74-16
h roa 7&-76
Jackmoo 74-76
POXC Arthur 74-76
tiulc St Heria 74-76

For ctm yaarm 1956-1956
For cha y-mm 1976-19?6
?or .11 cb. yamrm

Error Uning Rctiom Error Uains Equationn 902 to 991
WE A2E

— .—
S:E WE AEE ~E Meen SD*—. — —— — —.

4.26
-2.21
-1.34
d.24

-8:%
-0.99
$.;:

0:14

-0.cl

3:3:

0.34
-0.26
-0.10
4.19

0.2?
=0.01

0.06

“1!

-.
:~

0.36
0.06
0.12

-0.21
1.72
2.2a
0.29
0.60
2.20
i.kb
1.32

1.72
1.14
1.21

1.75
2.48

$. ~
i

-0:31
-0.13
-0.21
-1.46
-1.04

!:!;

0.41

-8:AI

8:!!!
O.lb

rrgressiom rrlaticmship t?nded to f!t the datti

●bcut as -11 In the Rcrky hntttn Region,

By ●xamlnlng the MP[ stat!%tlc, OIW can

note d!ffermc~s In pmdtctlon performnnc~ b~t-~n

regions @nd quertws. Exc@pt for th~ national

0.34
2.30
1.66

!

.45

:?:
.08

0.95
0.22
0.14

1.04
1.16
1.11

0.35
0.27
0.16
0.23
0.23
0.19
0:0;

! h
.
.

0.40
0.33
0.s5

:: ;
8

8:;:
0.76
2.39
1.57
1.40

1.83
1.55
1.s9

1.90
Z.67

8:i!
0.58
F.20
:.:;

:03

ii{
.
.

0.98

Hi

1:!$
1.13

{
13. 5
S4. 6
35.48

$k;

39.03
24.27

d:!;

{;::;
26.80

54.03
14.10

%06
8.17

;:. ;;

7:40

k

0.04
.47

1 .92

70.33
32.18
S9.B1”

U:;;
30.32

5.46
17.49
45. 5i
A1.17
32.08

26.22
2b.21
26.21

47.07
37.82

2!:U
17.12
10.00
10.60
::. :;

;: ~~
.

10.01

w:;

i!:::
28.33

-0.70
-2.88
-1.63

1!

;3;

-0: B:
-0.75
~.::

.

4.91
-0.50
+.66

0.44
4.15
-0.00
-0.09

0.33
0.10
0:&

hi
.0
.2

0.47
0.15
0.21

-0.40
1.09
1.40
0.13
0.50
1.60
1.1A
o.9a

1.09
0.77
0.81

1.37
l.b~

-o. 1
i-1. 3

::.:!

-0:33
-1.44
-1.21

M

0.11

:8:;{

-w
4.02

0.74
:. ~~

18
:5
.6
.64

0.99
0.95
:.;:

.

;.::

1:30

0.45
0.15
0.11
0.1s
0.34
0.22
0.12
0.10

8:8:

0.50
0.36
0.39

0.42
1.15
1.47
0.23
0.35
1.74
1.23
1.02

1.15
;.;;

.

1.47
1.77
0.33
1.12
0.70
0.60
0.34
1.45
1.23
0.33
0.00

0.79

1:;;

0.92
1.01
1.00

5.07
Llo
4.43

11
:!

2:1;
2.73
3.14
1.22

3.54

M

0.92
1.10
2.19
0.02
0.68
0.93
~.;:

C:66
0.60

0.67
1.16
1.06

3.71
4.04
;.;:

2:77
;.;:

3:oi

4.04
3.30
J.bo

2.81
4.18
3.57
4.41
3.39
k.kb

i::!
4.~4

M

3.73

f
4. 0
4. 0

3.73
4.JO
4.10

1.14
2.26
1.28

i

.02

.h5

.62
0.70
0.99
0.6k
0.20

1.63
2.56
2.23

0.35
0.22
0.38
0.27
0.19
0.41
0.44
0.30

8:IJ

0.16
0.59
0.5b

8:;:
o. B3
O.hy
0.47
0.30
:.::

.

0.72
0.81
o.a3

O.>&
0.35
y:;

O:B:
0.8F
0.54
0.6?
0.99
1.25
1.14

1.21

l:li

1.21
1.12
1.10

best In the Central and Etttern Regions and uor5t

in the Rmky Mount&in Region. lh~ r~lat!onship~

also pwform best on an annual basis, @nd fur thr



mumd quarter, md perforn mrst for the first,

third, and fmsrth quarters,

Locations with large errors according to

tk MPE statistic (greater than 502) mre identi-

fied. Pendleton (1974-1976) and Tucson

(1954-1956, 1974-1976) had large errors given by

all four rrlatlonsfvlpson an annual and a quar-

terly basis. The regression prediction errors

Wre large for Grand Junction (1954-1956,

1974-1976), particularly for the second through

fmrth quarters. All relationships, except the

national regressim nlationsbip, performed poorly

for hgusta (1954-1956, 1974-1?)6;.

The recovwnended nlationships for making

future forecasts of upner percentile visibility

frm a forecflstof median visibility for lccations

In the lhited States were selected according to

their sl~licity and their performance on the

tvst data set. The reginnal ratio relationship

IS rrcormtendpd for annual, first, and fourth qLlar-

ter fmpcasts. The national rat!o relationship

is rrtm+snend?d for second and thirl

forecfists.

5. SIHiARV ND CONCLUSIONS

Statistical m~thods havr bewv used

mate and assess the performanc~ of relationship>

b~turrn mdlan and upppr pwc~ntll~ (uorst-casr~

●al~nction. Thrsr rrlatinnships ●xtend a m?tho-

doloqy d~v~iop~d by LAiL

nfional scalp vlsibillty,

betw~tl wdlan nnd upp~r

regional s-ale vlslbllity

for cftimating median

With th~ relationship

p~rc~nttle ●xti,~tion,

for wrsl-caw days can

be estimated. Airport wmather station measurp-

mnts of vi%ual rang? ww~ uwd in th~ mtlmat~on

and ass~s~nt of the nlatlonshlps, Airport

=ath~r ttations lmatpif In thr rontinmtal US

-re screened for their reporting pr~ctices, dis-

t.lncesto farthest marker, site relocations, and

their representativeness of reqlonal visibility.

T-nty-eight suburban/nonurban sites that met the

screening criteria uere selected. The data were

sorted ●ccording to meteorology in order to

eliminate days that are obviously dom~nated by

natural causes (e.g. fog, precipitation, blouing

dust, or low clouds) of poor visibility. The

Koschmeider relationship was used to translate

the visual range data to ●xtinction data. Three

approaches wr~ followed to devplop relationships

between mrdian and upper percentile light extinc-

tion. (he is based upon frquency distribution

functions. The second uses observrd ratios of

WPer Percentile to median ●xtinction. The third

~loys regression techniques, The average ab-

solute percent errors for the three approaches

p~dominantly ranged between 20-4mn uhich

Cc)rqIarps ~l! with air quali~y mod~ls th~!

frequently give fartor-of-two agreemmt with ob-

servation. Simple ratio r~lationships ar~ rprnm-

mndtd for use in transl~tlng !rmIian vislhllitv

i~acts Into uorsl-casr i~acts,

Acknou:rrlg@wnt . This pap~r is based on ~r~

pwfvmnrd under cnntract with thr US Drp#rtmrnl

Of [n@rqv. Officr of th~ Assistant Srrrrtary for

th~ [nviromnrnl, Offlrr of lochnr,loqy I~lnf~~,

Rqi(vnrnl A%$e%wnrnt% Dtvt\lon.

R[l[RIN[:[S

ftrrlmnn. 1,, (1Q73) Statfttirs: uith h VIPW T{l-
w~rd Ap Ilcat inns, Houghton rn~fflin, Bn~tnn,

Husar, h.i., pa{l~r$nn,D,[., andhllma,y,J.H,,
(1Q79) Trends of [ast~rn U.S. ha~tnp%% !in(l
]94fl, Fourth S,~, on Atmosph~ri( lurhlll~n{,
Olffutlon, and Air Pollutlon, h~nom NrvatI
Jtnuory 15-lfl, 1979.
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